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FOREWORD 


Exploratory  studies  on  warheads  are  currently  being  concentrated 
on  an  aimable  explosive  "fisheye  lens”  warhead.  These  studies  are 
authorised  under  Project  ZF009-98-01. 


C.  R.  HAMILTON 
Head,  Electromechanical  Division 


ABSTRACT 


Twenty  spherical  explosive  lens  charges  have  been  fabricated,  of 
which  10  have  been  sent  to  Sandia  Corporation,  where  tests  will  be  con¬ 
ducted.  Flash  X-ray  photographic  equipment  will  be  employed.  Ten 
more  are  undergoing  testB  at  New  Mexico  Institute  of  Mining  and  Tech¬ 
nology  to  determine  their  gas  profiles  and  damage -producing  capabili¬ 
ties.  Results  of  a  comparison  te6t  of  a  homogeneous  spherical  charge 
and  a  spherical  lens  charge  are  reported.  (U) 

Techniques  for,  and  problems  concerning,  fabrication  of  cylindrical 
fisheye  lens  charges  are  discussed.  (0) 
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1.  BACKGROUND 


The  independent  exploratory  development  work  on  warheads  at  the 
Naval  Weapons  Center  Corona  Laboratories  (NWCCL),  formerly  the 
Naval  Ordnance  Laboratory  Corona,  is  currently  concerned  with  the 
aimable  explosive  "fisheye  lens"  warhead. 

In  March  1965,  R.  L.  Conger  of  the  Research  Department  described 
the  concept  {Ref.  1).  He  postulated  that  in  somewhat  the  same  manner 
that  light  can  be  focused  by  an  optical  lens,  a  warhead  could  be  focused 
to  aim  in  virtually  any  direction  by  firing  a  detonator  on  the  opposite  side 
of  the  warhead  from  the  desired  direction  of  aim.  If  a  warhead  were 
constructed  with  its  explosive  compositions  in  the  right  arrangement, 
detonation  waves  from  the  firing  of  the  detonator  would  fire  all  the  ex¬ 
plosives  in  the  warhead  in  such  a  manner  that  the  detonation  fronts  would 
converge  and  focus  at  the  opposite  side  of  the  warhead,  thue  propelling 
intense  jets  of  the  products  of  detonation  in  the  desired  direction  of  aim. 

Tests  conducted  by  the  Research  Department  verified  Dr,  Conger's 
theory  (Ref.  2),  and  preliminary  studies  were  made  on  both  spherical- 
lens  and  cylindrical -lens  warhead  configurations  (Refs.  3  and  4). 

In  the  fall  of  1965  independent  exploratory  development  funds  were 
allocated  co  the  Fuze  Department  for  investigating  aimable  warheads. 
Special  instrumentation  was  sec  up,  and  progress  on  testing  the  param¬ 
eters  of  explosive  fisheye  lens  warheads  was  reported  in  the  spring  of 
1966  (Ref.  5).  Ways  of  increasing  pattern  density  were  then  studied,  but 
further  firings  were  delayed  until  more  suitable  charges  were  available. 

Arrangements  for  the  fabrication  of  improved  explosive  lens  charges 
were  made  with  the  Naval  Weaoons  Center,  China  Lake,  California 
(NWC  China  Lake),  formerly  the  Naval  Ordnance  Test  Station,  and  with 
the  Pantex  plant  of  Mason  &  Hanger— Silas  Mason  Company,  Amarillo, 
Texas,  NWrC  China  Lake  was  to  fabricate  20  cylindrical  charges;  Pantex, 
20  spherical  charges. 

By  the  beginning  of  this  reporting  period,  Pantex  had  completed  ma¬ 
chining  ten  spherical  charges  with  a  6.2  in.  outside  diameter  and  ten  with 
a  7.8  in,  outside  diameter.  Table  1  gives  the  actual  dimensions  of  the 
loaded  spherical  sections,  the  explosive  formulations,  and  the  relative 
velocities. 
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TABLE  1.  Diameters  and  Detonation  Velocities 
of  the  Spherical  Charge  Sections 


Vcloc- 

Diameter  of  Each  Sphere  (in.) 

Sphere » 

Explosive 

ity 

(m/s) 

6.2  in. 

Charge 

j  7.8  in.  Charge 

Inside 

Outside 

f 

|  Inside 

[-  .  . 

r- 

Outside 

Center  sphere 

Cast  Baritol 

4966 

0 

3.130 

0 

3.940 

First  shell 

Pressed 

Baritol 

5911 

3.134 

4.360 

3.944 

5.480 

Second  shell 

TNT 

6844 

4.364 

5.340 

5.484 

6.600 

Third  shell 

60%  RDX 
+  40%  TNT 

7915 

5.344 

6.200 

i 

6.60-.’. 

i 

7.800 

The  plans  of  NWC  China  Lake  to  fabricate  all  the  sections  of  the 
cylindrical  fisheye  lens  charges  from  PBX  with  varying  percentages  of 
plastic  binder  (Ref.  6)  had  to  be  abandoned  because  ox  the  inherent  veloc¬ 
ity  of  this  explosive.  The  velocities  of  the  five  explot  ive  compositions 
needed  for  the  five  sections  o(  the  cylindrical  charge  should  increase 
progressively  from  the  core  to  the  outside  cylinder  and  should  lie  be¬ 
tween  4900  and  8000  m/  s.  Attempts  to  lower  the  detonation  velocity  of 
PBX  below  6900  m/ s  were,  however,  unsuccessful;  therefore  it  became 
evident  that  *he  center  core  and  the  first  cylinder  would  have  to  be  loaded 
with  explosives  other  than  PBX.  Arrangements  were  subsequently  made 
with  the  Chino  plant  of  Aexojet-General  Corporation  to  fabricate  the 
first  cylinder  from  Amatol  and  load  the  center  void  with  Baritol.  Table  2 
shows  the  proposed  explosive  formulations,  velocities,  and  dimensions 
of  the  five  cylindrical  sections  for  both  the  6  in.  and  the  8  in.  charges. 


II.  CURRENT  WORK 


SPHERICAL  CHARGES 

Pantex  has  sent  to  Sandia  Corporation  five  spherical  charges  with 
6.2  in.  outside  diameter  and  <ive  with  7.8  in.  diameter,  Sandia  Corpora¬ 
tion  has  agreed  to  obtain  compete  pressure-impulse  and  velocity  meas¬ 
urements  at  no  cost  to  the  Government  (Ref.  7). 

Five  spherical  charges  of  each  size  were  also  sent  to  the  New  Mexico 
Institute  of  Mining  and  Technology  (NMT)  to  determine  their  damage- 
producing  capabilities  as  compared  with  those  of  homogeneous  charges 
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have  been  fired,  aa  well  as  two  spherical  homogeneous  charges  for  com¬ 
parison.  Figure  1  illustrates  the  ’’can-gage”  arena  at  NMT  and  the  posi¬ 
tioning  of  the  charges  in  relation  to  the  arena.  Figure  2  shows  a  spher¬ 
ical  fisheye  Jens  charge  mounted  for  firing.  The  sphere  was  positioned 
with  the  booster  and  detonator  at  the  bottom,  so  that  upon  detonation  the 
focused  products  would  be  directed  toward  the  gages.  The  charge  holder 
was  designed  to  eliminate  interference  with  the  focused  output  as  much 
as  possible. 

Figure  3  shows  the  gas  profile  of  a  7.8  in.,  16  lb  spherical  fisheye 
charge  at  detonation,  and  Figure  4  shows  the  gas  profile  of  a  spherical 
homogeneous  charge  of  the  same  size  and  weight.  Comparison  of  the 
two  photographs  indicates  that  some  focusing  does  occur  from  the  wave¬ 
shaping  effect  cf  a  spherical  fisheye  lens  configuration. 

In  both  the  can-gage  arena  tests  and  the  current  tests  with  1/2  in. 
thick  steel  witness  plates,  the  focused  mass  products  did  not,  however, 
produce  as  much  damage  as  had  been  expected  in  the  light  of  the  damage 
achieved  in  some  preliminary  tests  conducted  by  Dr.  Conger  in  1965 
with  a  thin  fisheye  lens  disk  charge  (Ref.  2).  In  those  tests,  a  3/4  lb 
thin  disk  charge  6  in.  in  diameter,  3/4  in.  thick,  and  made  up  of  five 
coaxial  rings  of  explosive  confined  between  two  lucite  plates  (Figure  5) 
was  fired  at  a  3/4  in.  steel  plate  2  ft  from  the  side  of  the  disk.  A  hole 
2  in.  in  diameter  was  blown  through  the  plate.  In  the  current  witness- 
plate  tests,  a  16  lb  spherical  fisheye  lens  charge  was  fired  at  a  3  X  5  in. 
steel  plate,  1/2  in.  thick,  positioned  30  in.  from  the  lens  in  the  direction 
of  aim.  In  this  case  the  plate  merely  buckled  slightly. 

This  anomaly  has  not  been  completely  analyzed,  but  it  is  presently 
thought  that  the  lesser  energy  level  of  the  spherical  charge  as  compared 
with  the  performance  of  the  thin  disk  charge  could  be  a  function  of  (1) 
the  differences  in  their  geometries,  and/or  (2)  the  amount  of  confinement 
presented  by  the  lucite  plates  of  the  disk.  Dr.  Conger  is  now  conducting 
studies  to  determine  whether  the  confinement  of  the  explosives  in  the  thin 
disk  charge  affected  its  outp”t. 


CYLINDRICAL  CHARGES 

NWC  China  Lake  has  surmounted  initial  difficulties  encountered  in 
casting  PBX  in  cardboard  molds,  and  is  proceeding  with  the  casting  of 
the  second,  third,  and  outside  shells  for  both  sizes  of  cylindrical  fisheye 
lens  charges. 
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FIGURE  2.  Spherical  Fisheye  Lens  in  Position  for  Firing  at  the 

Can-Gage  Arena 
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FIGURE  4.  Gas  Profile  of  7.8  in.  Diameter,  16  lb  Homogeneous  Charge  at  Detonation 
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FIGURE  5.  Thin  Fisheye  Lens  Disk  Fired  in  Pre¬ 
liminary  Damage -Capability  Tests 


IH.  WORK  PLANNED 


SPHERICAL  CHARGES 

Within  the  next  few  weeks  Sandia  Corporation  plans  to  fire  10  of  the 
spherical  fisheye  lens  charges.  Flash  X-ray  photographic  equipment 
win  be  used  in  their  tests  in  an  attempt  to  better  understand  the  explo¬ 
sive  mechanism  of  the  fisheye  charge.  There  are  no  immediate  plans 
to  continue  firing  at  NMT. 

CYLINDRICAL  CHARGES 

Within  two  or  three  weeks  NWC  China  Lake  expects  to  complete  the 
PBX  castings  of  the  second,  third,  and  fourth  cylinders  for  12  units; 
six  assemblies  wiU  be  6  in.  in  outside  diameter,  and  six,  8  in.  These 
assemblies,  in  24  in.  lengths,  will  then  be  sent  to  the  Chino  plant  of 
Aerojet,  where  the  first  cylinders  will  be  fabricated  of  Amatol  and  the 
center  voids  will  be  filled  with  Baritol.  When  the  loading  is  completed, 
the  24  in.  lengths  will  be  machined  to  length-to-diameter  ratios  of  1, 
1-1/2,  and  2,  and  samples  will  be  tested  to  determine  the  degree  of 
focusing  attained  for  each  length.  The  best  configuration  will  then  be 
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fired  at  NxvaT  to  determine  its  damage -producing  Capabilities  as  a  func¬ 
tion  of  standoff  distance.  The  tentative  test  arena  is  diagramed  in 
Figure  6.  Side -on  and  overhead  Fastax  cameras  will  cover  the  tests  to 
determine  gas  velocity,  the  degree  of  focusing,  and  the  distance  trav¬ 
ersed  by  the  expanding  gases. 
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FIGURE  6.  Setup  for  Testing  Cylindrical  Charges  at  Chino  Arena 
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DEPARTMENT  OF  THE  NAVY 

NAVAL  AIR  WARFARE  CENTER  WEAPONS  DIVISION 
1  ADMINISTRATION  CIRCLE  575  I  AVENUE  SUITE  1 

CHINA  LAKE,  CA  93555-6100  POINT  MUGU,  CA  93042-5049 

IN  REPLY  REFER  TO: 

5510 

741000D/072 
6  Sep  2006 


From:  Head,  Information  Security  Division  (Code  741000D) 

To:  DTIC-OCQ,  8725  John  J.  Kingman  Road,  Fort  Belvoir,  VA  22060 

Attn:  Larry  Downing 

Subj:  DOCUMENT  STATUS  CHANGE  ACTION 
1 .  Request  the  following  change  action  on  the  listed  document/s: 

a.  REQUIREMENTS,  DESIGN,  AND  APPLICATION  OF  A  TERMINALY  AIMED 
ROCKET  SYSTEM  (U) 

(1 )  Author/s:  Victor  L.  Black,  Allen  W.  Cook 

(2)  Date  of  Document:  February  1975 

(3)  DT1C  AD  Number:  ADC001 187 

(4)  Authority:  NAVORDINST  551  1.30B 

(5)  Date  of  change:  13  April  2006 

(6)  Change:  Document  classification  (C),  change  to  (U)  -  Distribution  Statement  “B” 

b.  EXPLOSIVES  RESEARCH  &  DEVELOPMENT,  OCTOBER-DECEMBER  1969  (U) 

(1)  Author/s:  Naval  Weapons  Center  China  Lake  CA 

(2)  Date  of  Document:  December  1969 

(3)  DTIC  AD  Number:  AD0506668 

(4)  Authority:  Head  Advanced  Technology  Division 

(5)  Date  of  change:  1 3  April  2006 

(6)  Change:  Document  Classification  (C),  change  to  (U)  -  Distribution  Statement  "B" 

c.  WORKSHOP  ON  RADOMES  AND  IT  DOMES  FOR  TACTICAL  MISSILES  (U) 

(1)  Author/s:  C.F.  Bersch,  R.W.  Van  Aken,  C.F.  Markarian,  Dr.  A.M.  Diness,  M.A.  Kinna 

(2)  Date  of  Document:  1-4  March  1976 

(3)  DTIC  AD  Number: ADC006370 

(4)  Authority:  Director  J-5 

(5)  Date  of  Change:  13  April  2006 

(6)  Change:  Document  Classification  (C),  change  to  (U)  -  Distribution  Statement  "B" 


Subj:  DOCUMENT  STATUS  CHANGE  ACTION 

h.  AIR-TO-AIR  WEAPONS  EFFECTIVENESS-AIRVAL  TASK  1 ,2B: 
RADIO-FREQUENCY  SIGNATURE  MEASUREMENT  (U) 

(1)  Author/s:  W.  T.  Yates 

(2)  Date  of  Document:  2  Dec  1974 

(3)  DTIC  AD  Number: ADD5 13479 

(4)  Authority:  Associated  Marking  Instruction 

(5)  Date  of  Change:  28  Aug  06 

(6)  Change:  Document  Classification  (C),  change  to  (U)  -  Distribution  Statement  "E" 

i.  WARHEAD  STUDIES:  EXPLOSIVES  LENS  WARHEAD  QUARTERLY  PROGRESS 
REPORT  FOR  THE  PERIOD  ENDING  30  JUN  67  (U) 

(1)  Author/s:  Higuera,  Richard  L.  and  Menz,  Fredic  L 

(2)  Date  of  Document:  28Jull967 

(3)  DTIC  AD  Number: AD0383490 

(4)  Authority:  Approved  for  public  release:  NAWC  03-159 

(5)  Date  of  Change:  17  Nov  2003 

(6)  Change:  Distribution  Statement  "A"  -  Public  Release 

j.  HYBRID  MECHANICAL-ELECTRONIC  SAFTY-ARMING  DEVICE  AND  ITS 
APPLICATION  TO  A  BOOSTED  MODULAR  WEAPON  FUZE  (U) 

(1)  Author/s:  Stephen  Redman  and  Timothy  P.  Zvada 

(2)  Date  of  Document:  January  1975 

(3)  DTIC  AD  Number: ADC001 1 17 

(4)  Authority:  Associated  Marking  Instruction 

(5)  Date  of  Change:  13  Apr  2006 

(6)  Change:  Document  Classification  (C),  change  to  (U)  -  Distribution  Statement  "E" 

k.  POLYNITROPOLYAZA  CAGED  EXPLOSIVES  PART  6  (U) 

(1)  Author/s:  A.  T.  Nielsen  and  R.  A.  Nissan 

(2)  Date  of  Document:  August  1987 

(3)  DTIC  AD  Number:  ADC043207 

(4)  Authority:  OPNAVINST  5513.3B  (25) 

(5)  Date  of  Change:  21  Dec  1995 

(6)  Change:  Document  Classification  (C),  change  to  (U)  -  Distribution  Statement  "C" 


Subj :  DOCUMENT  STATUS  CHANGE  ACTION 


l.  DUAL-GATE  TARGET  DETECTING  DEVICE:  SYSTEM  IMPLEMENTATION  (U) 

(1)  Author/s:  K.  R.  Wetzel 

(2)  Date  of  Document:  June  1974 

(3)  DTIC  AD  Number:  AD0530058 

(4)  Authority:  Associated  Marking  Instruction 

(5)  Date  of  Change:  5  Apr  2006 

(6)  Change:  Document  Classification  (C),  change  to  (U)  -  Distribution  Statement  "E" 

(7)  Note:  Duplicate  of  DTIC  item  ADD5 10037  -  Both  NWC  TM  2440 

m.  INTEGRAL  ROCKET-RAMJET  COLD-GAS  PORT  COVER  BLOW-IN  FACILITY  (U) 

(1)  Author/s:  H.  M.  Platzek  and  G.  J.  Wydra 

(2)  Date  of  Document:  December  1973 

(3)  DTIC  AD  Number:  AD0528422 

(4)  Authority:  Associated  Marking  Instruction 

(5)  Date  of  Change:  22  May  2006 

(6)  Change:  Document  Classification  (C),  change  to  (U)  -  Distribution  Statement  "E" 

n.  CASTABLE  HEAT  RESISTANT  EXPLOSIVES  BASED  ON 
TRIAMINOTRINITROBENZENE  (U) 

(1)  Author/s:  B.  A.  Scott 

(2)  Date  of  Document:  September  1973 

(3)  DTIC  AD  Number:  AD05278 18 

(4)  Authority:  Associated  Marking  Instruction 

(5)  Date  of  Change:  27  April  2006 

(6)  Change:  Document  Classification  (C),  change  to  (U)  -  Distribution  Statement  "E" 

2.  The  point  of  contact  for  this  action  is  Mr.  Thomas  Cooper,  Information  Security,  (760)  939- 
0986,  DSN  437-0986. 


LINDA  G.  HALL 


Copy  to: 

741000D 

752000D 


